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CYLINDER HEAD 

Technical Field 

[0001] This invention relates to a cylinder head of an internal combustion 

engine, and in particular, a cylinder head of an internal combustion engine in 
which both a position around a fuel injection nozzle and a position between ports 
can be simultaneously and efficiently cooled. 

Background Art 

[0002] Fig. 5 is a sectional view of a conventional cylinder head. In Fig. 5, 

101 is a hole for attachment of a fuel injection nozzle, 102 is an intake port, 103 is 
an exhaust port, and 104 is a water jacket. As shown in Fig. 5, a position around 
the fuel injection nozzle and a position between ports are cooled by cooling water 
in the water jacket 104. In the cylinder head shown in Fig. 5, the cooling water 
which flows into the cylinder head from the cylinder block (not shown) is made to 
flow into one big room (water jacket 104). Consequently, the flow velocity of the 
cooling water in the water jacket 104 becomes relatively slow (approximately 1 
m/sec). It is no problem if the cylinder head shown in Fig. 5 is applied to a 
relatively low-power engine. However, if the cylinder head shown in Fig. 5 is 
applied to a relatively high-power engine, it is possible that cooling performance 
lacks and the cylinder head cracks by temperature rise at the lower surface of the 
cylinder head. 

[0003] In order to solve this problem, such a cylinder head is known that the 

water jacket is divided into two, one of which is in a lower surface side of the 
cylinder head and another of which is in an upper surface side of the cylinder 
head. There is an example of this kind of cylinder head that is described in 
Japanese laid-open Patent Application No. 2000-34950. Fig. 6 is a sectional view 
of the cylinder head having the water jacket divided into the lower surface side of 
the cylinder head and the upper surface side of the cylinder head. In Fig. 6, 201 is 
a hole for attachment of the fuel injection nozzle, 202 is an intake port, 203 is an 
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exhaust port, 204 is a water jacket in the lower surface side of the cylinder head, 
and 205 is a water jacket in the upper surface side of the cylinder head. In the 
cylinder head shown in Fig. 6, in view of point that the lower side of the cylinder 
head is more necessary to be cooled than the upper side of the cylinder head, the 
cross-sectional area of the water jacket 204 in the lower surface side of the 
cylinder head is made relatively small, and the cross-sectional area of the water 
jacket 205 in the upper surface side of the cylinder head is made relatively large. 
That is, the flow velocity of the cooling water in the water jacket 204 in the lower 
surface side of the cylinder head is higher than the flow velocity of the cooling 
water in the water jacket 205 in the upper surface side of the cylinder head. The 
flow velocity of the cooling water in the water jacket 205 in the lower surface side 
of the cylinder head becomes approximately 3 m/sec. Therefore, the lower surface 
side of the cylinder head can be efficiently cooled. 

[0004] Also in the cylinder head in which the lower surface side can be 

efficiently cooled, it is known that it is more necessary to cool a side near the fuel 
injection nozzle than a side apart from the fuel injection nozzle among the 
circumference of the port. Fig. 7 is a perspective view of an example of the water 
jacket in the lower surface side of the cylinder head. In Fig. 7, 301 is a fuel 
injection nozzle part and 302 is a port part. The cooling water flows inside the 
water jacket in the lower surface side of the cylinder head as shown by arrow in 
the figure. In the water jacket in the lower surface side of the cylinder head shown 
in Fig. 7, in view of point that the side near the fuel injection nozzle part 301 is 
more necessary to be cooled than the side apart from the fuel injection nozzle part 
301 among the circumference of the port, the cross sectional area of the water 
jacket which is in the side apart from the fuel injection nozzle part 301 (part A in 
the figure) among the circumference of the port part 302 is reduced so that the 
cooling water is hard to flow in the side apart from the fuel injection nozzle part 
301 among the circumference of the port part 302. However, to reduce the cross 
sectional area of the water jacket means to make the cross sectional area of the 
sand core used for casting of the cylinder head small. Therefore, it is possible that 
the core breaks when set before the casting of the cylinder head, and that the 
core is damaged by the pressure of the molten metal during the casting. 
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[0005] In order to solve this problem, traditionally, such a cylinder head is 

known that a cooling water pipe as a cooling water passage is located inside of 
the cylinder head. There is an example of this kind of the cylinder head that is 
described in Japanese laid-open Patent Application No. 2000-170600. In the 
cylinder head described in the Japanese laid-open Patent Application No. 2000- 
170600, a cooling water passage is formed around the exhaust port. In detail, the 
cooling water passage is formed inside each exhaust valve seat. The cooling 
water passages which are respectively around a pair of exhaust ports being next 
to each other are communicated with each other by a pipe. An outlet opening is 
formed in the pipe, and the cooling water flowing into the pipe from the cooling 
water passage in the exhaust valve seat is discharged outside of the pipe through 
the outlet opening. That is, the cooling water in the pipe is discharged toward a 
position between the pair of adjoining exhaust ports. 

[0006] However, in the cylinder head described in the Japanese laid-open 

Patent Application 2000-170600, no outlet opening of the pipe for the cooling 
water is provided around the fuel injection nozzle, although break or damage of 
the core when casting of the cylinder head are avoided since the cooling water 
pipe as a cooling water passage is placed inside the cylinder head. Therefore, in 
the cylinder head described in the Japanese laid-open Patent Application 2000- 
170600, a position around the fuel injection nozzle and a position between ports 
cannot be efficiently, simultaneously cooled. 

[0007] And also, in the cylinder head described in the Japanese laid-open 

Patent Application 2000-170600, one cooling water pipe is necessary to cool the 
position between the pair of adjoining ports. That is, two or more cooling water 
pipes are necessary to cool each position between each pair of adjoining ports 
among a plurality of pairs of adjoining ports. That is, in the case that there are two 
exhaust ports and two intake ports in one cylinder, and that the position between 
the pair of adjoining exhaust ports and the position between the exhaust port and 
the intake port which adjoin each other intend to be cooled, a plurality of cooling 
water pipes are required. Therefore, the structure of the cylinder head will become 
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complicated and the casting process of the cylinder head will become 
complicated. 

[0008] Therefore, it is an object of this invention to provide a cylinder head 
in which the position around the fuel injection nozzle and the position between 
ports can be efficiently and simultaneously cooled, and the structure of which is 
simpler and the production of which is easier than the cylinder head described in 
the Japanese laid-open Patent Application 2000-170600. 

Disclosure of Invention 

[0009] An invention concerning claim 1 of this application is a cylinder head 

having a cooling water pipe inside, wherein the cooling water pipe is inserted and 
has outlet openings respectively placed in a position around a fuel injection nozzle 
and in a position between ports. 

[0010] In this cylinder head, the outlet openings of the cooling water pipe 

are respectively placed in the position around the fuel injection nozzle and in the 
position between the ports. Therefore, unlike the cylinder head described in the 
Japanese laid-open Patent Application 2000-170600 in which no outlet opening of 
the cooling water pipe is placed in the position around the fuel injection nozzle, 
the position around the fuel injection nozzle and the position between the ports 
can be simultaneously and efficiently cooled. Furthermore, the cooling water pipe 
is deformed such that the cooling water pipe has the outlet openings respectively 
placed in the position around the fuel injection nozzle and in the position between 
the ports. That is, the cooling water pipe deformed extends through the position 
around the fuel injection nozzle and the position between the ports. Therefore, 
providing the cooling water pipe with the outlet openings which are respectively 
placed between respective pairs of adjoining ports for example, it is possible for 
one cooling water pipe to cool not only the position between a pair of adjoining 
exhaust ports but also the position between the exhaust port and the intake port 
adjoining each other. That is, the structure becomes simpler and thus the 
production becomes easier than the cylinder head described in the Japanese laid- 
open Patent Application 2000-170600 which requires two or more cooling water 
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pipes to cool each position between adjoining ports of two or more pairs of ports. 

[0011] As described above, according to the invention as defined in Claim 
1, unlike the cylinder head described in the Japanese laid-open Patent Application 
2000-170600 in which no outlet opening of the cooling water pipe is provided in 
the position around the fuel injection nozzle, the position around the fuel injection 
nozzle and the position between the ports can be simultaneously and efficiently 
cooled. Furthermore, providing the cooling water pipe with the outlet openings 
which are respectively placed between respective pairs of the adjoining ports for 
example, it is possible for one cooling water pipe to cool not only the position 
between a pair of adjoining exhaust ports but also the position between the 
exhaust port and the intake port adjoining each other. That is, the structure 
becomes simpler and thus the production becomes easier than the cylinder head 
described in the Japanese laid-open Patent Application 2000-170600 which 
requires two or more cooling water pipes to cool each position between adjoining 
ports of two or more pairs of ports. 

[0012] Moreover, an invention concerning claim 2 is such that the cooling 

water pipe extends from an inlet opening to the outlet opening without passing 
through a valve seat. 

[0013] As mentioned above, in the cylinder head described in the Japanese 

laid-open Patent Application 2000-170600, the cooling water passage is defined 
in the valve seat and the cooling water pipe is extended therefrom. Therefore, in 
the valve seat of the cylinder head described in the Japanese laid-open Patent 
Application 2000-170600, a positioning for precisely fitting with the valve and a 
positioning for precisely fitting with the cooling water pipe are necessary. That is, 
in the cylinder head described in the Japanese laid-open Patent Application 2000- 
170600, there is a possibility that the valve does not precisely sit on the valve seat 
if it is intended to prevent a leak of the cooling water from a connection part 
between the valve seat and the cooling water pipe. In view of this problem, in the 
cylinder head as defined in claim 2, the cooling water pipe extends from the inlet 
opening to the outlet opening without passing through the valve seat. Therefore, 
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the problem involved in the cylinder head described in the Japanese laid-open 
Patent Application 2000-170600 can be avoided. 

[0014] As described above, according to the invention as defined in claim 2, 
the problem involved in the cylinder head described in the Japanese laid-open 
Patent Application 2000-170600 that the positioning for precisely fitting with the 
valve and the positioning for precisely fitting with the cooling water pipe are 
required for the valve seat can be avoided. 

[0015] Moreover, an invention as defined in claim 3 is such that the cooling 

water pipe is made of aluminum. 

[0016] In the cylinder head as defined in claim 3, the cooling water pipe 

made of aluminum is inserted in the cylinder head. Therefore, compared with the 
case that the cooling water pipe made of another material is inserted, the cooling 
water pipe easily melts into the cylinder head. That is, it can be prevented that the 
cooling water pipe inserted dissociates from the cylinder head. 

[0017] More specifically, the cooling water pipe deformed is inserted in a 

part of the cooling water passage which is necessary to be cooled most but only 
has a relatively small cross sectional area of the cooling water passage. Thereby, 
the cross sectional area of the cooling water passage is secured, and it is avoided 
that the core is broken or damaged when the cylinder head is cast. When the 
cylinder head is cast, the cooling water pipe into which sand is filled is set, and 
subsequently the sand is filled in the mold for making the cooling water passage 
(water jacket). 

[0018] Preferably, the sand in the cooling water pipe collapses during heat 

process to be removed, for example. Moreover, in order to deform the cooling 
water pipe, the cooling water pipe is bent first and then a bulge forming is 
performed by hydraulic pressure etc. 

[0019] As described above, according to the invention as defined in claim 3, 
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the cooling water pipe easily melts into the cylinder head, compared with the case 
that the cooling water pipe made of another material is inserted. That is, it can be 
prevented that the cooling water pipe inserted dissociates from the cylinder head. 

Brief Description of Drawings 

[0020] Fig. 1 is a schematic diagram showing a structure of one 

embodiment of a cylinder head of this invention. 

[0021] Fig. 2 is a plan view of the cooling water pipe shown in Fig. 1. 

[0022] Fig. 3 is a front elevation view of the cooling water pipe shown in 
Fig. 1. 

[0023] Fig. 4 is a sectional view taken along a line IV-IV of Fig. 1. 

[0024] Fig. 5 is a sectional view of the conventional cylinder head. 

[0025] Fig. 6 is a sectional view of the cylinder head in which the water 

jacket is divided into one part in the lower surface side of the cylinder head and 
another part in the upper surface side of the cylinder head. 

[0026] Fig. 7 is a perspective view of an example of the water jacket in the 

lower surface side of the cylinder head. 

Best Mode for Carrying Out the Invention 

[0027] An embodiment of this invention will now be described with 

reference to accompanying drawings. 

[0028] In Fig. 1-4, 1 is a cooling water pipe, 2 is a fuel injection nozzle, 3 is 

a port, 4 is an outlet opening placed in a position between ports for cooling the 
position between the ports, and 5 and 6 are outlet openings placed in a position 
around the fuel injection nozzle 2 for cooling the position around the fuel injection 
nozzle. 7 and 8 are inlet openings for supplying cooling water to the outlet 
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openings 4, 5 and 6. 9 is a hole for attachment of the fuel injection nozzle, and 10 
is a valve seat insert. > 

[0029] As shown in Figs. 1 and 4, in the cylinder head of this embodiment, 
the cooling water pipe 1 is inserted (or cast in or embedded) to be placed inside 
the cylinder head. Moreover, one cooling water pipe 1 is placed per cylinder. The 
cooling water pipe 1 is provided with the inlet openings 7 and 8 for supplying the 
cooling water into the cooling water pipe 1 , and the outlet openings 4, 5, and 6 for 
discharging the cooling water out of the cooling water pipe 1. The cooling water 
pipe 1 is deformed into a bent form such that the position between the ports 3 can 
be cooled by the cooling water discharged from the outlet opening 4 and that the 
position around the fuel injection nozzle 2 can be cooled by the cooling water 
discharged from the outlet openings 5 and 6. In order to deform the cooling water 
pipe 1 as shown in Figs. 2 and 3, the cooling water pipe with a straight form is 
bent first, and subsequently, a bulge forming with a hydraulic pressure etc. is 
performed. 

[0030] As shown in Figs. 1-3, the cooling water sent from the cylinder block 

(not shown) is supplied into the cooling water pipe 1 through the inlet openings 7 
and 8. A part of the cooling water is discharged from the outlet opening 4 to the 
position between the ports 3, and the position between the ports 3 is cooled by 
the cooling water. And also, another part of the cooling water supplied into the 
cooling water pipe 1 is discharged from the outlet openings 5 and 6 to the position 
around the fuel injection nozzle 2, and the position around the fuel injection nozzle 
2 is cooled by the cooling water. 

[0031] When the cylinder head of this embodiment is cast, firstly the cooling 
water pipe 1 filled with sand is set in a mold. Positioning of the cooling water pipe 
1 is carried out by portions respectively having the inlet openings 7 and 8 (refer to 
Fig. 3). That is, in the cooling water pipe 1 of this embodiment, the portions in 
which the inlet openings 7 and 8 are respectively provided serve as the portions 
for positioning the cooling water pipe 1 when casting. Subsequently, the sand is 
filled for making the other part of the cooling water passage than the cooling water 
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pipe 1. The sand inside the cooling water pipe 1 collapses during a heat process 
to be removed. That is, in the cylinder head of this embodiment, the cooling water 
pipe deformed is inserted in such a part of the cooling water passage that is most 
necessary to be cooled but only has a relatively small cross sectional area of the 
cooling water passage. Thereby, the cross sectional area of the cooling water 
passage is secured, and it is avoided that the core is broken or damaged when 
the cylinder head is cast. 

[0032] The cooling water pipe 1 of this embodiment is made of aluminum. 
Accordingly, the cooling water pipe 1 easily melts into the cylinder head when the 
cylinder head (which is made of material such as aluminum alloy) is cast. 
However, in another embodiment, it is also possible to make the cooling water 
pipe by using material other than aluminum. 

[0033] As described above, according to this embodiment, the outlet 
opening 4 of the cooling water pipe 1 is placed in the position around the fuel 
injection nozzle 2, and the outlet openings 5 and 6 of the cooling water pipe 1 are 
placed in the position between the ports 3. Therefore, unlike the cylinder head 
described in the Japanese laid-open Patent Application 2000-170600 in which the 
outlet opening of the cooling water pipe is not placed in the position around the 
fuel injection nozzle, the position around the fuel injection nozzle 2 and the 
position between the ports 3 can be simultaneously and efficiently cooled. 
Furthermore, according to this embodiment, one bent cooling water pipe 1 per 
cylinder is inserted which is deformed so as to have the outlet openings 4, 5 and 6 
respectively placed in the position around the fuel injection nozzle 2 and the 
position between the port 3. Therefore, the structure becomes simpler and thus 
the production becomes easier than the cylinder head described in the Japanese 
laid-open Patent Application 2000-170600 which requires two or more cooling 
water pipes per cylinder to cool each position between adjoining ports of two or 
more pairs of ports. 

[0034] This application claims priority benefits of Japanese Patent 
Application No. 2002-109077, filed on April 11, 2002, and the content of which is 
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herein incorporated by reference. 
Industrial Applicability 

[0035] This invention can be widely applied to an engine such as a diesel or 
gasoline engine of a water cooled type. 
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